Scientific RepoRts | 6:37498 | DOI: 10.1038/srep37498 patients over 40 years [5] [6] [7] . In recent years, studies on chronic hepatitis C (CHC) or nonalcoholic fatty liver disease (NAFLD) suggested that the progression of fibrosis is accelerated in elderly women 8, 9 . However, it is unknown whether the disease progression still remains slow in elderly female patients with CHB.
Therefore, to determine interaction of female gender and older age in the development of HBV-related cirrhosis, we carried out a cross-sectional study on a large database retrieved from China Registry of Hepatitis B (CR-HepB), which is a hospital-based, multi-center registry initiated in June 30, 2012 10 .
Results

Demographics and clinical characteristics of patients.
A total of 20,292 patients positive for HBsAg were registered in CR-HepB from June 30, 2012 to March 28, 2014. After excluding inactive HBsAg carriers, HCC and further logic checking, finally 17,809 patients including 14,508 cases of non-cirrhotic CHB and 3301 cases of cirrhotic CHB were analyzed (Fig. 1 ). Overall slightly more male patients received antiviral therapy than female patients (65.5% vs. 54.8%, P < 0.01). However, similar proportions of male and female patients received antiviral therapy in those older than 50 years (54.3% vs. 53.3%, P = 0.44). Demographic and clinical characteristics of the study population are listed in Table 1 .
The age-and sex-distributions in patients with non-cirrhotic CHB and cirrhotic CHB. In patients with non-cirrhotic CHB, majority of male and female patients were in the age group of 30-39 years, accounting for 30.6% and 26.2% of male and female patients, respectively. In patients with cirrhotic CHB, male patients at the age groups of 40-49 years and 50-59 years accounted for 30.8% and 31.8% of the total male cases, respectively; whereas female patients at the age group 50-59 years and 60-69 years accounted for 34.5% and 26.3% of the total female cases, respectively (Table 2 ). This indicates that the age of female cirrhotic patients was much older than male cirrhotic patients (P < 0.001).
Although male CHB patients had high overall prevalence of cirrhosis than female patients (prevalence difference, − 1.63%; Table 2 ), there seemed to be a turning point in age-specific prevalence. Under 59 years, the prevalence of cirrhosis was significantly lower in female patients than in male patients, and the differences increased with increasing age groups; at ages of 60-69 years it was similar to that in male patients, and after 70 years it was significantly higher than that in males (Fig. 2, Table 2) .
Furthermore, trend analysis demonstrated that the proportion of females in patients with cirrhotic CHB increased significantly faster than that in the general population after 50 years (F = 40.66, P = 0.024). The highest female proportion was found in cirrhotic patients aged ≥ 70 years (45.13%, 95% CI: 38.14-52.11%) (Fig. 2 The impacts of sex difference and age-sex interaction on the risk for cirrhosis. In patients before age of 50 years, the women were associated with a much lower risk for cirrhosis than the men (ORs: 0.47-0.72, 95% CI: 0.27-0.86). However, in those older than 50 years the risk for cirrhosis in women increased in a stepwise manner: slightly increased in the age group of 50-59 years (OR: 0.77, 95% CI: 0.66-0.90), approached the level of men in the age group of 60-69 years (OR: 0.99, 95% CI: 0.81-1.22), and finally overtook the men older than 70 years (OR: 1.54, 95% CI: 1.09-2.17) (Fig. 3A) .
Similar results of sex-age interaction were derived from 2 types of multivariate logistic regression models (Fig. 3B) . The risk of developing cirrhosis steadily increased with ages in both sexes. However, multivariate analysis showed that the increase of adjusted ORs for developing cirrhosis in females started to accelerate after 50 years: Faster progression of liver fibrosis among elderly female patients. In comparison with agematched male patients, the fibrosis stage evaluated by APRI and FIB-4 was lower among female patients aged 15-59 years, whereas it significantly higher among female patients aged ≥ 60 years (Fig. 4A,B) . In contrast, gender differences in viral and biochemical variables including serum levels of HBV DNA, ALT, and albumin remained the same among the male and female patients, with a similar or lower level in female patients compared to male patients in both age groups ( 
Discussion
In this multi-center cross-sectional study, we demonstrated that the protective effect of female gender observed in patients with chronic HBV infection aged 15-49 years gradually lost in patients older than 50 years, with disease progression ultimately approaching or even overtaking the age-matched men over 60 years old.
This novel finding suggests that there is an interaction between older age and female gender in HBV-related liver disease progression. The major concern is the impact of competing cause of death on the interpretation of the study finding, especially for male CHB patients who are older than 60 years. Multivariate analysis provides further evidences to support our hypothesis: risk for developing cirrhosis increased rapidly in elderly females even after adjusted for the survival rate of sex ratio in general population, and other well-known risk factors such as virological and biochemical profiles 3, 4 . Furthermore, the prevalence of HBsAg in women found in national HBV survey 2 or in volunteer blood donors 11 actually was lower than that in men, so it is unlikely that the increased female proportion in cirrhosis after 50 years old is caused by gender disparity in prevalence of HBV infection.
In line with the above findings, noninvasive measurements showed significantly ascending trends of APRI and FIB-4, indicating that fibrosis progression accelerated in elderly females. In contrast, serum levels of HBV DNA, ALT, and albumin showed stable or slightly downward trends in both sexes, and the gender differences remained unchanged in both age groups, implying that the faster disease progression in elderly female patients is not due to higher viral load or more severe hepatic necroinflammation.
The underlying mechanism(s) of gender disparity in fibrosis progression are still unclear. Some studies demonstrated that sex hormone may be involved in HBV life cycle, the immune response to HBV infection, and the progression of associated liver diseases 12 . Previous reports showed that postmenopausal women with CHC or NAFLD had severer hepatic steatosis and faster progression of liver fibrosis 8, 9 , whereas delayed menopause, taking oral contraceptives or postmenopausal hormone replacement therapy were associated with slower progression of liver fibrosis 13, 14 . In this line, the lost of protective effect against progression of liver fibrosis in women older than 50 years could be explained by the decrease in estrogen level. This notion is supported by the average age of 50 at menopause in both southern and northern parts of China 15, 16 . The present study has several limitations. First, the registry might have patient selection bias. But the age and sex distribution of patients in our study is similar to that of a multi-center study of cirrhosis in Southern China 17 . Second, the cross-sectional study was not an optimal design to prove causality between gender/age and the development of HBV-related cirrhosis. Potential biases and confounders included the different participation rate or accessibility to medical care, and gender differences in severity or survival rate of cirrhosis and competing risk. Third, the diagnosis of cirrhosis was based on histology in only about 18% of the cases. Considering the main focus of our study is gender disparity in the development of cirrhosis and progression trend of fibrosis rather than concrete fibrosis staging, the noninvasive modalities would offer an acceptable accuracy in such a big number of patients. Fourth, the registry did not collect data on HBV genotype, smoking, alcohol intake, or use of hormone replacement therapy. But this is unlikely to cause an increased risk for developing cirrhosis in females since the rates of smoking and drinking were much lower in Chinese women than that in men 18, 19 and the HBV genotype have no significant gender disparity 20 . In addition, the percentage of hormone replacement therapy in post-monopause women was only 2.1% in China women 21 . These few patients may not lead to a pivotal effect of the conclusion.
In conclusion, this multi-center cross-sectional study demonstrated that the protective effect of female gender against the development of HBV-related cirrhosis gradually lost after the age of 50 years. This meaningful finding would justify closer monitoring for disease progression in older women with chronic HBV infection.
Methods
Data sources and patients. We used the CR-HepB data from the initial 18 hospitals located in different areas of China from June 30, 2012 to March 28, 2014. Outpatients were recruited to this registry if they had been HBsAg positive for more than 6 months. The key clinical and laboratory data of patients were collected.
Age group (years)
Non-cirrhotic CHB n (%) Cirrhotic CHB n (%) Table 2 . Age-and sex-distributions in patients with CHB. † Prevalence Difference, prevalence of cirrhosis in females minus that in males within each age group; CI, confidence interval.
# Prevalence of cirrhosis was calculated by dividing the number of cirrhotic CHB by total number of CHB stratified by sex in each age group. Figure 2 . The age-and sex-specific prevalence of cirrhotic CHB and female proportion in cirrhotic CHB and general population. A stepwise increase was found in age-specific prevalence of cirrhotic CHB in females. The trend of female proportion in patients with cirrhotic CHB increased significantly faster than that in the general population (P = 0.024).
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The enrollment criteria for this cross-sectional study were patients diagnosed as CHB with or without cirrhosis and with the following baseline information available: demography (age and sex), hematology (counts of white blood cells and platelets), biochemistry (alanine transaminase, ALT; aspartate transaminase, AST; total bilirubin, TB; albumin, Alb; and alpha-fetoprotein, AFP), and virology (hepatitis B surface antigen, HBsAg; hepatitis B e antigen, HBeAg; anti-hepatitis B e, anti-HBe; and HBV DNA).
The Ethics Committee of Beijing Friendship Hospital, Capital Medical University approved the study protocol (BJFH 2014033).
Diagnosis of different phases of CHB infection. Inactive HBsAg carriers was defined as those with
HBsAg positive for more than 6 months but with low HBV DNA and persistently normal ALT and without clinical, hematological, biochemical and radiological/endoscopic evidence of CHB or cirrhosis [5] [6] [7] . CHB was diagnosed in the presence of elevated serum levels of ALT and HBV DNA ≥ 2000 IU/mL among those with HBsAg positive for more 6 months [5] [6] [7] . Compensated cirrhosis was diagnosed based on liver biopsy (Ishak fibrosis stage 5-6 or METAVIR F4, evaluated by pathologists in each hospital) 22 or a combination of unequivocal clinical and compatible laboratory manifestations (e.g., thrombocytopenia, leucopenia, hypoalbuminemia, hyperbilirubinemia and prolonged prothrombin time), radiology (e.g., irregular surface, coarsened texture or nodularity of the liver, enlargement of the left lobe, and splenomegaly)/transient elastography (LSM > 13 kpa), and endoscopic findings (e.g., gastroesophageal varices) [5] [6] [7] . Decompensated cirrhosis was diagnosed based on the presence of ascites confirmed by ultrasound, bleeding esophageal varices and/or hepatic encephalopathy in cirrhotic patients 4, 23 .
Evaluation of Liver fibrosis. Statistical analysis. Descriptive statistics including median, lower quartile, and upper quartile were used to describe the demographics and clinical characteristics of the patients.
The age-and sex-distribution in patients with non-cirrhotic and cirrhotic CHB were calculated. The prevalence of cirrhotic CHB was calculated by dividing the number of cirrhotic CHB by the total number of CHB in each sex and stratified by age group. The prevalence differences of cirrhosis between female and male patients Figure 3 . The impacts of gender-associated risk stratified by age (A) and age-sex interaction (B) on the development of cirrhosis in multivariate logistic regression models. Multivariate analyses indicated that the risk for cirrhosis started to accelerate at the age of 50 years in women, gradually approached the risk of men at the ages 60-69, and eventually overtook that in men after 70 years. NA: not available. * ORs were adjusted for sex ratio in general population.
# ORs were adjusted for sex ratio in general population, HBV DNA level, HBeAg status, and levels of AST and ALT.
in each age group and their 95% confidence intervals (CIs) were also obtained. The differences were considered significant if their 95% CIs did not include 0.
The proportions of female patients in different age groups were calculated to estimate the gender variations in patients with cirrhotic CHB. Furthermore, the trend of female proportion in cirrhosis was compared with that in the general population of China 25 by using linear regression model. Considering the unbalanced life expectancy, odds ratios (ORs) were adjusted for the sex ratio in general population 24 to address the gender-associated risk of cirrhosis at each age group by using multivariate logistic regression model. The impact of age-sex interaction on the development of cirrhosis was analyzed with multivariate logistic regression models by using male patients aged 15-29 years as the reference group. Two predefined multivariable models were applied: a basic model adjusted only for sex ratio in general population 25 , and a full model further adjusted for HBV DNA level (≤ 5.0 log IU/mL or > 5.0 log IU/mL), HBeAg status (negative or positive), and levels of AST (≤ 40 IU/ml or > 40 IU/ml) and ALT (≤ 40 IU/mL or > 40 IU/mL). The adjusted ORs were considered significantly different if the 95% CIs did not contain 1.
APRI, FIB-4, and levels of HBV DNA, ALT and Alb were used to evaluate the progression of liver disease among male and female patients stratified by two age groups: 15-59 years and ≥ 60 years. P value below 0.05 was considered statistically significant. , and albumin (E) between male and female patients stratified by age group. The fibrosis stage was higher in female patients aged ≥ 60 years, however, the gender disparity in viral and biochemical variables remained stable between the age groups 15-59 years and ≥ 60 years.
